INTRODUCTION {#sec1-1}
============

Greater numbers of pulmonary nodules are being encountered, many times incidentally, due to the increased use of imaging. Most nodules are typically sampled by fine-needle aspiration (FNA) or core biopsy (CB), with or without touch preparations (TPs). Though some nodules are malignant, many nodules represent benign processes.\[[@ref1]\] Therefore, distinction between the two is significant to prevent unnecessary intervention and morbidity\[[@ref2]\] in benign cases and delayed diagnosis and treatment\[[@ref2]\] in malignant ones.

High-grade malignancies with abundant cellularity are relatively straightforward to diagnose. Interpretation is not always easy or definitive, though. For instance, reactive changes can be misinterpreted and lead to false positive\[[@ref3]\] or equivocal "atypical" results. Furthermore, samples diagnosed as "negative" sometimes fail to describe a specific pathological entity to explain the underlying lesion identified by imaging. Management of patients with non-specific diagnoses poses challenges, including whether or not the lesion is adequately sampled; if so, is the lesion truly negative; how best to proceed without "specific" results; which modality, FNA or CB, offers greater yield.

The aims of the present study were to correlate cytology preparations, FNAs and TPs, diagnosed as unsatisfactory (U), negative (N) and atypical (A) with histological and/or clinical/radiological follow-up and evaluate the outcomes of the FNAs, TPs and CBs.

MATERIALS AND METHODS {#sec1-2}
=====================

We performed a retrospective computerized search and examined 30 consecutive computed tomography (CT)-guided transthoracic U, N and A pulmonary FNAs (*n* = 23) and TPs (*n* = 7) with surgical pathology (SP) (*n* = 17) and/or clinical/radiological follow-up (*n* = 13). These cases were selected from a total of 93 consecutive CT-guided FNAs performed during a 75-week period; the remaining 63 cases (non-U, N or A) were diagnosed as either suspicious (*n* = 6) or positive for neoplasm/malignancy. The U, N and A cases were compared to 10 consecutive SP-confirmed *P* FNAs, which served as controls.

At our institution, pulmonary lesions are evaluated by FNAs and/or TPs (of CBs) and all undergo on-site assessment by a cytopathologist and/or cytotechnologist. The method (s), FNA and/or TP, used to obtain the specimen varies with the radiologist performing the procedure and/or impression at the time of on-site immediate assessment.

All cytological and histological specimens were reviewed simultaneously by two study pathologists. Cytomorphological findings evaluated for all FNAs and TPs included: Epithelial cellularity, epithelial arrangement, type II pneumocytes, nuclear features, macrophages, multinucleated giant cells, inflammation, granulomas and necrosis. All concurrent and subsequent histological specimens were reviewed to confirm the diagnoses and to evaluate for the presence of type II pneumocytes.

Clinical findings and radiological studies, including chest X-rays, CT scans and positron emission tomography (PET) scans, documented both at the time of presentation and during subsequent follow-up, were documented for each cytological case diagnosed as U, N, or A.

This study was approved by the Institutional Review Board.

RESULTS {#sec1-3}
=======

The U (*n* = 6), N (*n* = 13) and A (*n* = 11) FNAs and TPs were from 29 patients (19 females; 10 males; age range 16-82; average age 61) \[[Figure 1](#F1){ref-type="fig"}\]. 17 cases (3 U, 7 N, 7 A) had either concurrent or subsequent SP correlation as well as clinical/radiological follow-up. Seven of 17 cytological specimens with surgical correlation were comprised of only TPs of the CBs. Ten of 17 cytological specimens were comprised of FNAs with either concurrent CB (*n* = 5; TPs performed on 4/5), follow-up wedge resection (*n* = 4; 3-15 weeks post FNA), or follow-up transbronchial biopsy (*n* = 1; 3 weeks post FNA). Thirteen cases from 12 patients (3 U, 6 N, 4 A) had only clinical/radiological follow-up.

![Summary of unsatisfactory, negative and atypical cases. The third tier shows the cytologic diagnoses rendered](CJ-11-2-g001){#F1}

For patients without histology, radiological follow-up ranged from 17 to 158 weeks (median 82 weeks; mean 91 weeks). The nodules with the shortest follow-up intervals (17 weeks and 24 weeks) decreased or remained unchanged, respectively. In the other cases, cultures tested positive for Nocardia (*n* = 1) and the nodules resolved, diminished in size or remained stable \[Tables [1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}\]. Clinical/radiological follow-up ranged from 0 to 78 weeks for cases with histology (median 28 weeks; mean 28 weeks; no clinical follow-up for 1 case with concurrent biopsy showing granulomas) \[[Table 1](#T1){ref-type="table"}\].

###### 

Cases with histological follow-up

![](CJ-11-2-g002)

###### 

Cases without histological follow-up

![](CJ-11-2-g003)

All (30) U, N and A cases were negative on follow-up (histological and/or clinical/radiological). A specific cytological diagnosis (i.e. granuloma) was rendered on 15 cases \[[Figure 2](#F2){ref-type="fig"}\]. Eight of these had concurrent/follow-up histology, 7 of which also had granulomas; 1 biopsy was non-diagnostic. Ten of 12 cases with CBs had specific diagnoses of granuloma (*n* = 6), organizing pneumonia (*n* = 3), or infarct (*n* = 1).

![Specific versus non-specific cytopathological diagnoses of unsatisfactory, negative and atypical cases. \*One case had extensive necrosis and inflammation with acid-fast bacilli](CJ-11-2-g004){#F2}

Unsatisfactory (U) cases {#sec2-1}
------------------------

All 6 U specimens were scantly cellular with too few cells for a diagnosis. Three of the U specimens had concurrent or follow-up SP diagnosed as having organizing pneumonia (*n* = 1), granuloma (*n* = 1) and non-diagnostic (*n* = 1). Four of 6 U cases showed CT/PET findings suspicious for neoplasia/malignancy at the time of presentation.

Negative (N) cases {#sec2-2}
------------------

Out of the 13 N cases, 8 showed granulomatous inflammation on cytology and/or histology. Other diagnoses included acute inflammation, reactive epithelioid cells, bland epithelial/epithelioid cells, macrophages and inflammation and necrosis associated with hemosiderin-laden macrophages. Seven of 13 cases had histology showing granulomas (*n* = 3: Same diagnosis on cytology), organizing pneumonia (*n* = 2), infarct (*n* = 1) and non-diagnostic (*n* = 1). Three of 13 N cases showed CT/PET findings that were suspicious for neoplasm.

Atypical (A) cases {#sec2-3}
------------------

Out of the 11 A cases, 7 were diagnosed as granulomatous inflammation on cytology and/or histology. Diagnoses on the remaining cytology specimens included "cannot exclude a neoplasm" and "rare atypical cells insufficient to render a specific diagnosis." Seven of 11 A cases had histology, which demonstrated granulomas (*n* = 4: Same diagnosis on cytology), organizing pneumonia (*n* = 2) and type II pneumocyte hyperplasia (*n* = 1). CT/PET at time of presentation favored neoplasia in 5 cases and the differential diagnosis included neoplasia for the remaining.

Type II pneumocytes were identified in 11 of 17 cases with histology \[Figures [3](#F3){ref-type="fig"}--[5](#F5){ref-type="fig"}\]. Seven of 11 were diagnosed as atypical on cytology and the reactive type II pneumocytes appeared to be the source of the atypical interpretation, as they represented the only epithelioid cells. Cases without type II pneumocytes were never interpreted as atypical. Four cases were diagnosed as negative and had type II pneumocytes on cytology and histology. The histology of the 11 cases was organizing pneumonia (*n* = 4), granulomas (*n* = 6), type II pneumocyte hyperplasia (*n* = 1) \[Figures [4](#F4){ref-type="fig"} and [5](#F5){ref-type="fig"}\].

![Cases with type II pneumocytes and histological follow-up. Second tier is cytological diagnosis. Third tier is histological diagnosis. \*One case diagnosed as "atypical cannot exclude neoplasm." \*\*One case diagnosed as having extensive necrosis and inflammation associated with acid-fast bacilli. All cases were comprised of fine needle aspiration (FNA) with concurrent core biopsy and touch preparation (TP) or only core biopsy with TP, except the one case diagnosed as "atypical cannot exclude neoplasm," which had a FNA followed by a wedge resection 3 weeks later that showed organizing pneumonia](CJ-11-2-g005){#F3}

![Type II pneumocytes. (a and b) Touch preparations show type II pneumocytes arranged in flat sheets (a and b). These epithelial cells have small but conspicuous nucleoli, bland chromatin and a moderate amount of rather dense cytoplasm. (c and d) Corresponding core biopsy showing type II pneumocyte hyperplasia. ((a) Diff Quik, ×600; (b) Papanicolaou, ×600; (c and d) H and E, ×600)](CJ-11-2-g006){#F4}

![Type II pneumocytes and organizing pneumonia. (a and b) Fine needle aspiration showing type II pneumocytes arranged as single cells, including one that is binucleated (a). (b) Type II pneumocyte present in the left upper portion of the image; other cells include histiocytes, which have a lower nuclear-to-cytoplasmic ratio and small lymphocytes. (c and d) Histological sections of corresponding core biopsy show organizing pneumonia with associated type II pneumocyte hyperplasia. (a) Diff Quik, ×600; (b) Papanicolaou stain on ThinPrep, ×600; (c) H and E, ×400. (d) H and E, ×600)](CJ-11-2-g007){#F5}

Follow-up of cytology {#sec2-4}
---------------------

We had no false negative cases by cytology. We had specific cytological diagnoses in 15/30 (50%) cases, all showing granulomas; seven cases were histologically confirmed \[[Figure 6](#F6){ref-type="fig"}\]. On CBs, specific diagnoses were rendered in 10/12 (83%) cases and included granulomas (*n* = 6), organizing pneumonia (*n* = 3) and infarct (*n* = 1). When evaluating only the 17 patients with concurrent/follow-up histology, 9 had granulomas; 8 were diagnosed on cytology (4 N; 4 A) and 8 on histology.

![Granuloma fine needle aspiration direct smear shows a cluster of epithelioid histiocytes consistent with a granuloma (Diff Quik, ×600)](CJ-11-2-g008){#F6}

Special stains for fungi, *Pneumocystis* and acid-fast bacilli (AFB) were performed on cases with granulomas, inflammation and/or necrosis; AFB were identified in 3 cases \[[Table 1](#T1){ref-type="table"}\].

Organizing pneumonia {#sec2-5}
--------------------

Though cytology and histology are equivalent for diagnosing granulomas, the same is not true for organizing pneumonia. Of 17 patients with a histological specimen, 5 had organizing pneumonia diagnosed on concurrent CBs or subsequent resections; none were diagnosed on cytology (FNAs or TPs).

Positive cases {#sec2-6}
--------------

The *P* cases were from 10 patients (7 females; 3 males; age range 55-86; average age: 68). Final SP diagnoses were adenocarcinoma (9/10) and adenosquamous carcinoma (1/10). On cytology, the *P* cases had moderate to numerous epithelial cells, whereas U, N, A lacked epithelial cells or were scantly cellular. When present, the epithelial cells in U, N, A had sheets comprised of approximately 6-20 cells and no 3-D clusters \[Figures [4](#F4){ref-type="fig"} and [5](#F5){ref-type="fig"}; [Table 3](#T3){ref-type="table"}\]. In contrast, the epithelial cells of the carcinomas formed 3-D clusters in 9/10 cases and acini in one \[[Table 3](#T3){ref-type="table"}\]. Inflammatory cells were evident in both groups -- U, N, A and *P* -- but were more often present in the former.

###### 

Epithelial cytological architecture in FNAs of U, N, A cases versus positive cases

![](CJ-11-2-g009)

DISCUSSION {#sec1-4}
==========

FNAs are useful in diagnosing malignancies because they offer high sensitivity (80-95%) and specificity (98-100%).\[[@ref4][@ref5][@ref6]\] When compared with small biopsies, FNAs are equivalent at definitively and specifically classifying non-small cell carcinomas,\[[@ref7]\] and optimal results according to some, are obtained when the two modalities are performed concurrently.\[[@ref7]\] Nonetheless, CBs are associated with greater incidence of pneumothorax and hemorrhage relative to FNAs.\[[@ref1]\] Specific benign cytological diagnoses, in contrast to malignant ones, have been reported in only up to 37\[[@ref8]\] -50% of cases\[[@ref4][@ref5][@ref6]\] and 60% of solitary pulmonary nodules are unnecessarily resected for benign disease.\[[@ref9]\] Given these data, we sought to evaluate U, N and A results of cytological preparations (FNAs and TPs) by comparing them with their histological and/or clinical/radiological follow-up.

Though correlation with clinical information and imaging can help avoid interpretive errors,\[[@ref2]\] the radiological impression does not always correlate with histology.\[[@ref10]\] Studies have demonstrated that PET scans have a sensitivity of 96%, but a specificity of 77%.\[[@ref11]\] In our study, the radiological findings (e.g. CT and/or PET scans) for 11 lesions (of 29 patients) were "favored to be" or "consistent with" neoplasia; 7 were considered to be non-neoplastic (e.g. infectious); and for the remaining lesions, no specific impression was provided by radiology.

Studies have demonstrated that growth and volume doubling time of nodules are features of malignancy,\[[@ref12]\] whereas slow (or no) growth favors a benign process.\[[@ref13][@ref14]\] In one study, a doubling time of 20 weeks correlated with carcinomas.\[[@ref15]\] None of the cases in our study demonstrated growth with 17-158 weeks radiological follow-up, suggesting that the nodules represent underlying benign processes. Although this study is arguably limited by a lack of histological follow-up for 13 cases, clinical and radiological follow-up did not warrant additional procedures.

Follow-up of cytology {#sec2-7}
---------------------

Whereas we had no false negative cases in our study, others have shown that 9\[[@ref16]\]-36.8% of patients with a negative diagnosis were subsequently found to have a malignancy.\[[@ref8][@ref10]\] False negative diagnoses usually result from sampling errors -- either owing to poor technique or inability to access the lesion due to its small size or location.\[[@ref8][@ref17]\]

Our results differ from those of others for a few possible reasons: (1) Based on the radiology, the needle was in the lesion in all but one U case in our series, (2) we typically have on-site assessment that allows us to request additional tissue, (3) the radiologist and/or cytologist correlate the on-site findings with the imaging and (4) in cases of FNAs, CB (s) are performed, if feasible, when the preliminary cytology diagnosis is not specific.

The rate of a specific benign cytological diagnoses reported in the literature ranges from 7%\[[@ref8]\] to 50%\[[@ref4][@ref5][@ref6][@ref19]\] and includes *Candida*, organizing pneumonia and granulomatous inflammation.\[[@ref8]\] On CBs, the reported specific benign diagnoses is between 20.0%\[[@ref20]\] and 81.7% respectively.\[[@ref19]\] Our results are similar to the higher end of these spectra. Again, this may be attributable to the use of rapid on-site assessment, a multidisciplinary approach and request for CB when feasible.

Granuloma {#sec2-8}
---------

Granulomas represent one of the most common inflammatory pulmonary lesions sampled by FNA.\[[@ref18]\] Our findings demonstrate that cytology and histology are comparable in diagnosing granulomas, since equal numbers of granulomas were diagnosed by each method.

Type II pneumocytes {#sec2-9}
-------------------

Reactive type II pneumocytes can be a source of atypical and malignant diagnoses.\[[@ref21][@ref22]\] Cases without type II pneumocytes on histology were never diagnosed as A on cytology. We noted type II pneumocytes in cases of organizing pneumonia (*n* = 4) and granulomas (*n* = 6). Cytological features of cells that corresponded to type II pneumocytes on histology included: Sheets (comprised of approximately 6-20 cells) without 3-D arrangements and few single cells, including binucleated cells; cytoplasm with a granular appearance and sometimes fine vacuoles; nuclei without hyperchromasia; nucleoli that tended to be inconspicuous; nuclear irregularity, when present, was mild and best seen on a Pap stain \[[Table 3](#T3){ref-type="table"} Figures [4](#F4){ref-type="fig"} and [5](#F5){ref-type="fig"}\]. Relative to macrophages, type II pneumocytes had higher nuclear: cytoplasmic ratios and unlike mesothelial cells, they had no "windows."

In contrast to type II pneumocytes, the epithelial cells in the control group of malignant cytology cases consistently had 3-D and/or acinar formation and showed nuclear irregularity and hyperchromasia. Features described by others that favor a reactive process include sparsely cellular specimens,\[[@ref21]\] cohesive cell groups with scalloped borders\[[@ref22]\] representing the hobnail appearance of reactive pneumocytes clinging to the alveolar walls,\[[@ref23]\] and intercellular windows or gaps.\[[@ref2]\] Distinguishing lung adenocarcinomas with a predominantly lepidic growth pattern from type II pneumocytes can be challenging, because both have low-grade cytology. Features in favor of the former include the presence of tissue fragments, intercytoplasmic connections, intranuclear inclusions and sparse multinucleation.\[[@ref21]\]

Organizing pneumonia {#sec2-10}
--------------------

Our findings suggest that a histological sample is more likely to yield a diagnosis of organizing pneumonia than a cytology preparation. The loose fibroblastic tissue associated with organizing pneumonia may not be easily recognized on FNAs or TPs, but presence of type II pneumocytes appears to be suggestive of lesional tissue.

While the number of cases is our series could be greater, the findings support that in the absence of a neoplastic diagnosis or granuloma (s), cytology and CB combination with on-site assessment is more likely to yield a specific benign answer. Similar findings have been reported\[[@ref24]\] and advocated by some.\[[@ref25]\]

CONCLUSION {#sec1-5}
==========

Based on the above study our results indicate that FNAs provide a specific benign, non-neoplastic diagnosis when the underlying lesion represents a granulomatous process. Organizing pneumonia, a source of mass lesions on imaging studies, however, is more likely to be diagnosed on histology through a CB rather than FNA. Recognizing features of type II pneumocytes in cytological preparations is important, because they are often the source of atypical diagnoses and suggestive of lesional tissue. In conclusion, there is a role for the selective performance of a CB in the presence of a mass lesion and in the absence of a specific benign or neoplastic diagnosis by FNA -- a concurrent CB with on-site TP assessment is likely to improve the yield of a specific benign diagnosis.
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